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Abstract. This paper reports determining the grayscale intensity of macerals in the coal lump polished sections oriented along and across the layering of three main groups of sub-bituminous, high volatile bituminous, low volatile bituminous coals. All measurements have been performed in white, red, yellow, green, blue light. The influence of all selected factors and most of their combinations on grayscale intensity is reliable; the most pronounced effects are established for the optical filter color and the maceral type. Comparative analysis of the grayscale intensity data array with the spectra of full reflectance in the visible region and the coefficient of diffuse reflection in the white light of fine powders of the same samples has been carried out. Green light yields a very dark image of vitrinite and liptinite with the grayscale intensity approaching zero. In two of the six samples, the reflectance level of inertinite in yellow light is significantly higher than the grayscale intensity of white light. This anomaly is associated with a hypsochromic shift in the inertinite maximum absorption. The approach used is an alternative method for quantifying the relative changes in reflectivity and position of the diffuse spectral minimum without applying a microspectrometer.
1. Introduction
The main indicator of the degree of metamorphism of coals is their reflectivity (Ro) [1]. This indicator depends on a series of technical, technological, and geological factors. Thus, when comparing data from 22 laboratories in 14 countries, the measurement error of 0.03–0.11 % in this indicator was revealed in one laboratory, and, in different research centers, it was 0.12–0.54 % [2].
Since the regulatory documents on the measurement of Ro recommend determining it on vitrinite in the briquettes of polished sections or polished sections of coal lumps in monochromatic incident light, it remains unclear which color of lighting is optimal in the study of not only vitrinite but although macerals. To answer this question, it is necessary to know the differences in the reflection spectra of all macerals of coals of different grades.
The task can be solved using a microspectrometer. Thus, the dispersed characteristics of some optical properties of vitrinite in a series of coals were investigated using a microscope-photometer. It has been found that the values of optical parameters for vitrinite increase towards the blue region of the visible spectrum and increase for all wavelengths due to coalification [3]. White Light Reflectance Spectrometry makes it possible to register the dispersion of Ro wavelengths, to assess significant differences in the spectra of macerals for coals of different grades. Especially informative is the ratio of the reflection coefficient of red and green wavelength in bituminite macerals [4]. However, such studies are quite rare while the necessary equipment is not widespread in petrographic laboratories. This is evidenced by the limited number of publications on this topic.
Given the complexity of the Ro measurement technology, an alternative grayscale intensity (GI) indicator was proposed earlier, the use of which simplifies and accelerates routine petrographic measurements [5]. The present study expands this concept towards color measurements.
The aim of this work is to improve the procedure of determining GI in polished sections of coal lumps on the cut and bedding surfaces based on the macerals from the three main groups (vitrinite, liptinite, inertinite) in natural incident light and by using yellow, red, blue, and green light filters.
2. Methods
As objects of research, the following samples of coals were used: sub-bituminous (SB), high-volatile bituminous (HVB), and low-volatile bituminous (LVB). For each rank, two sections of coal lumps were made with polished surfaces oriented along the cut (Across) and layering (Along).
Vitrinite (Vt), liptinite (L), and inertinite (I) were examined by reflective optical microscopy with a 20x lens on sample surfaces. The experiments were conducted in white incident light, as well as using 4 optical filters (red, yellow, green, and blue) at the same microscope camera settings. To measure GI at micro image points, the Jmicrovision free software was used [6]. This indicator is not a complete replacement for Ro but can be considered as a quantitative assessment of the relative changes in the reflectivity of coals.
To exclude the effect of multiple comparisons in the statistical treatment of the array of data obtained on GI (26 measurements of each variant of the experiment), multifactorial linear analysis of variance (ANOVA) was used. In total, 4 factors were analyzed: Rank, Bedding, Macerals, and Color with levels corresponding to the categories of predictors. The normality of the distribution was assessed by the Shapiro-Wilk test; the homoscedasticity of the group variances was checked by the Levene criterion.
The full (diffuse and mirror) reflectance spectra of finely dispersed coal powders were obtained in the range of 400–830 nm using a Specord M40 spectrophotometer (Carl Zeiss, Jena), equipped with an integrating sphere for reflectance measurements according to a recommendation from [7]. The diffuse reflection coefficient of white light (Rdif) from the leveled surface of the coal powders was measured at 10 points by a pre-calibrated Reflectance Meter (ISO 2469: 1994).
3. Results and discussion
The energy of the incident beam of light on the surface of any opaque object is distributed between reflection and absorption. This is the real and imaginary part of the response due to the electronic structure of the substance [8]. Not all the electromagnetic energy of the absorbed photons is dissipated as heat. Part of it can be spent on molecular excitation followed by spontaneous radiation. However, the intensity of luminescence for coals is small. In general, the brightness of the reflected light is inversely proportional to the level of its absorption by the substance.
At an angle to the surface equal to the angle of incidence, the polished samples are dominated by the mirror component visible in the microscope. According to the optical scheme of the microscope, the light falls normally to the surface under study, and only a mirror reflection at the same angle can be observed in the eyepiece. The brightness of diffuse reflection in a conventional microscope is problematic to assess but it also characterizes the molecular structure of the substance. To measure the diffuse component, a matte non-shiny surface of the sample or fine powders is required.
The coefficient of diffuse reflection of the white light of coal powders statistically significantly increases in the process of coalification (Figure 1). In addition, in high-ranking coals, there are differences in the results of measurements along and across the layer. The influence of both factors and their combinations is reliable at the F Fisher criterion for Rank – 214.0, Bedding – 9.8, and RankBedding – 6.1.
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Figure 1. Dependence of the diffuse reflection coefficient on 
the degree of coalification and orientation relative to layering
The spectra of full reflection of all samples accept a similar shape with a single global minimum (Figure 2). This shape of the spectrum is characteristic of carbon materials [9]. In the wave range of 400–650 nm, the total reflection coefficient (Rfull) increases with the increasing rank of coals. The value of the wavelength of the global minimum is important for analyzing the degree of carbon conjugation but its direct determination is difficult due to noise distortion. The diffuse shape of the spectral peak with high accuracy and low redundancy of the model can be approximated by a cubic polynomial in the following form: Rfull(λ) = aλ3 + bλ2 + cλ + d, where λ is the wavelength; a, b, c, d are the desired polynomial parameters. Then it is easy to find a minimum as the roots of the equation dRfull(λ)/dλ=0 in the predefined determination domain.

Figure 2. Spectra of coal complete reflectance and their approximation
The average and minimum values of Rfull naturally increase as a result of coalification (Table 1). Rfull for layering in all ranks exceed those in the cut. Rdif with a correlation coefficient of 0.97 also varies symbatically. The bathochromic shift is likely due to an increase in the size of the conjugate carbon systems, which leads to the appearance of shared  electrons and an increase in the electrical conductivity of coals. The shape of the spectra of high-rank coals becomes less symmetrical relative to the minimum due to increased absorption in the near-infrared region. In the model, this is manifested by a twofold increase in coefficient a.
Table 1. Characteristics of spectral curves and their models.
	Sample
	Minimum
	Mean
	Model parameters

	
	λ, nm
	Rfull, %
	Rfull, %
	Rdif, %
	a, х10-8
	b, х10-5
	c
	d

	SB along
	612
	5.36
	6.21
	1.48
	-2.27
	8.99
	-0.085
	28.7

	SB across
	586
	5.33
	6.08
	1.44
	-1.53
	7.76
	-0.075
	25.8

	HVB along
	615
	6.46
	7.54
	2.25
	-2.52
	10.7
	-0.104
	35.4

	HVB across
	622
	6.20
	7.26
	2.21
	-2.64
	10.6
	-0.101
	34.5

	LVB along
	676
	7.74
	9.01
	3.37
	-4.48
	12.9
	-0.113
	39.0

	LVB across
	673
	6.62
	7.68
	2.85
	-4.66
	12.5
	-0.105
	34.9


Coal petrographic observations at the micro-level allow us to consider various aspects of the reflectivity of coal macerals. Since the Rfull value of the powders of coal samples is highly dependent on the choice of wavelength, it can be assumed that the mirror reflection from the surface of the polished sections of coal lumps has a similar spectral characteristic. Light microscopes, traditionally used in petrographic studies, are not equipped with microspectrometers and do not make it possible to register a full-fledged reflection spectrum. However, it is possible to use a set of color filters to obtain conditionally monochromatic incident light. We used 4 optical filters with measured transmission spectra (Figure 3). Note that the spectrum of the green filter takes a classical shape, close to the parabola; the spectrum of the yellow filter effectively cuts off the blue region λ<515 nm. The red and blue filters produce spectra of complex shapes, which partially transmit green lighting.

Figure 3. Transmission spectra of color light filters of the microscope.
Our experiments have shown that the same fragment of the micro image of the surface of a polished section of coal lump, obtained when illuminated with white, yellow, red, blue, and green light, demonstrate different brightness (Figure 4). Visually, the images in white and yellow light are identical, as are the images in red and blue light. The green light filter produces the darkest picture; only the lightest maceral ‒ inertinite ‒ is clearly visible with its use. Given the shape of the bandwidths of optical filters, our findings are consistent with spectral data where the maximum absorption and, accordingly, the minimum reflection captures the yellow-green and red region of the spectrum.
Since liptinite was not detected in the LVB coal rank, and GI is determined only on inertinite in green light, it is impossible to fill in the complete matrix of the plan of the 4-factor experiment at all possible levels. Therefore, the task was divided into 3 parts. ANOVA1 takes into account all macerals, colors except green and 2 rank coals. ANOVA2 uses all the ranks of coals, there is no liptinite and green light. In ANOVA3, only inertinite is analyzed for all colors and ranks of coals. The successful choice of factors and their levels is indicated by reliable F-criteria of two and three combinations of predictors. The biggest effects on GI are exerted by macerals and lighting color (Table 2). They are an order of magnitude greater than the influence of the rank of coals. However, given the combinations of factors, the rank of the coal is of great importance in combination with macerals (ANOVA1) and sample orientation (ANOVA2).
For the vitrinite of coals of all ranks, the differences in the average values of GI in red and blue light (Figure 5) are unreliable in both directions (for layering and cross-spread). Excluding green light, the biggest differences are observed between yellow and red or blue light.
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Figure 4. Characteristic microimages of coal when using various optical filters.
Table 2. Effects of the influence of factors and their combinations on the average value of GI.
	
	ANOVA1
	ANOVA2
	ANOVA3

	Rank levels
	SB, HVB
	SB, HVB, LVB
	SB, HVB, LVB

	Maceral levels
	Vt, I, L
	Vt, I
	I

	Factor Rank (1)
	158.2
	691.5
	341.7

	Factor Bedding (2)
	78.1
	18.7
	33.9

	Factor Macerals (3)
	1988.6
	2779.9
	–

	Factor Color (4)
	3415.6
	2752.9
	1621.8

	Rank*Bedding
	14.0
	52.3
	39.2

	Rank*Macerals
	118.6
	13.9
	–

	Bedding*Macerals
	35.4
	19.1
	–

	Rank*Color
	29.1
	19.9
	16.6

	Bedding*Color
	41.9
	7.2
	1.9

	Macerals*Color
	13.0
	42.0
	–

	Rank*Bedding*Macerals
	13.2
	14.3
	–

	Rank*Bedding*Color
	9.7
	7.8
	6.6

	Rank*Macerals*Color
	13.6
	7.5
	–

	Bedding*Macerals*Color
	4.6
	0.8
	–

	1*2*3*4
	1.3
	4.5
	–


Note: Bold indicates F-criteria that are reliable at the significance level p<0.05
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Figure 5. The influence of factor levels on the average values 
of GI for vitrinite (whiskers ‒ 95 % confidence interval).
In inertinite, the dependence of GI on the color of the filter correlates, in general, with a similar indicator for vitrinite (Figure 6). However, for two coals of rank LVB, in terms of layering, and rank SB, across the layering, abnormally large values of GI in yellow light are observed significantly exceeding the level of reflection in white light. This is possible only if the inertinite in the examined samples has strong maximum absorption in the blue region of the spectrum. Then, in the absence of an optical filter, white light, including a poorly reflecting blue area, would not produce the expected increase in brightness. A similar anomaly in blue light is not observed because the selectivity of the blue optical filter is not high enough. It partially transmits red and even more green light. If an effective blue optical filter was used, along with an increase in GI in yellow light, there would be a corresponding decrease in GI in blue light. The detected maximum absorption is not observed in the Rfull spectra of the corresponding samples because the proportion of inertinite in the material composition of the studied coals is small compared to vitrinite.
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Figure. 6. Influence of factor levels on the average values of GI for 
inertinite.
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Figure. 7. Categorized GI histograms for HVB coal rank depending on factor levels.
The heterogeneity of GI for inertinite compared to other macerals is confirmed by the large width of the histogram and the shape of the envelope, different from the normal distribution (Figure 7). In the yellow and red light of inertinite, two modes can be traced. Sharp changes in Ro recorded in the inertinites of coals cause a multimodal distribution of their reflectivity [10]. At the same time, the variability of the brightness level of vitrinite and liptinite is small.
In green light, GI for vitrinite and liptinite tend to zero; similar indications of inertinite range from 20 to 60. It is obvious that in order to conduct research in green light, it is necessary to use a brighter light source. However, the light from a high-power lamp can make simultaneous measurements on inertinite inaccessible. That is, at low brightness, the entire inertinite with liptinite can be black, and, at large, all inertinite can be white. To resolve this issue, it is possible to use a camera with 16-bit digitization of the analog signal from the photosensitive sensor, which yields 65,536 instead of 256 gray gradations.
4. Conclusions
The influence of all selected factors Color, Macerals, Rank, Bedding, as well as most of their combinations, on GI is reliable. They are listed in order of significant reduction in effect. A significant dependence on the color of lighting is due to the differences in the absorption spectra of the macerals of the studied coals. This can also explain the detected anomaly of strong reflection of yellow light by inertinite in some samples of coals.
The use of highly selective band optical filters in the microscope allows us to draw conclusions about the shape of the reflection spectrum in the visible region, which is associated with electronic transitions in the molecular structure. Due to the low characteristicity, the spectra are approximated by a cubic polynomial, and the position of the diffuse global minimum can be estimated by GI in the reflection of the corresponding color. This approach is an alternative to the use of expensive microscopes with built-in microspectrometers.
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SB along	400.00000000000006	401.60642570281135	403.22580645161196	404.85829959514172	406.5040650406504	408.16326530612247	409.8360655737705	411.52263374485602	413.22314049586765	414.93775933609879	416.66666666666708	418.41004184100399	420.16806722689074	421.94092827004215	423.72881355932196	425.53191489361694	427.35042735042737	429.18454935622321	431.03448275862064	432.90043290043269	434.7826086956523	436.68122270742356	438.59649122806945	440.52863436123329	442.47787610619469	444.44444444444446	446.42857142857002	448.4304932735426	450.45045045045043	452.48868778280524	454.5454545454545	456.62100456620919	458.71559633027448	460.82949308755758	462.96296296296293	465.11627906976742	467.28971962616822	469.48356807511669	471.69811320754627	473.93364928909881	476.19047619047632	478.46889952153111	480.76923076923066	483.09178743961354	485.43689320388353	487.80487804878049	490.1960784313718	492.61083743842374	495.04950495049445	497.5124378109453	500	502.51256281407035	505.05050505050463	507.61421319796972	510.20408163265392	512.82051282051248	515.4639175257729	518.13471502590676	520.8333333333336	523.56020942408247	526.3157894736845	529.10052910052798	531.91489361702259	534.75935828877004	537.63440860215053	540.54054054054052	543.47826086956525	546.44808743169403	549.45054945054949	552.48618784530299	555.55555555555543	558.65921787709499	561.79775280898878	564.9717514124294	568.1818181818179	571.42857142857281	574.71264367816264	578.03468208092329	581.39534883720933	584.7953216374284	588.23529411764753	591.71597633136275	595.23809523809734	598.80239520958082	602.40963855421683	606.06060606060601	609.7560975609756	613.49693251533802	617.28395061728577	621.11801242236061	625	628.93081761006283	632.91139240506288	636.94267515923548	641.02564102564099	645.16129032258038	649.35064935064941	653.59477124183297	657.89473684210554	662.25165562913912	666.66666666666674	671.14093959731554	675.67567567567789	680.27210884353735	684.93150684931447	689.65517241379291	694.44444444444446	699.30069930069931	704.22535211267655	709.21985815602852	714.28571428571433	719.42446043165467	724.63768115941946	729.92700729926946	735.29411764706015	740.74074074074201	746.26865671641792	751.87969924812182	757.57575757575853	763.35877862595419	769.23076923076951	775.19379844961429	781.25	787.4015748031494	793.65079365079362	800.00000000000011	806.45161290322392	813.00813008130081	819.67213114754225	826.44628099173406	7.4816950051115594	7.4816950051115594	7.4131024130091872	7.4473197390598918	7.6207901002541174	7.6913044028660895	7.6559660691125506	7.5509222766543358	7.4473197390598918	7.4131024130091872	7.4473197390598918	7.3790423012910207	7.3113908348341834	7.3113908348341834	7.211074791828997	7.1779429127136183	7.2777980453682414	7.2443596007498989	7.1121351365332739	7.1121351365332739	7.1121351365332739	7.1449632607551345	7.0145529841997085	6.9823240407717151	6.8865229634427614	6.8233869414166817	6.8548822645266032	6.7297665628431824	6.6988460941652628	6.6680676921362201	6.606934480075946	6.5463617406727534	6.5765783735542094	6.5162839406084263	6.4863443354823964	6.3973483548264785	6.3679552090791383	6.4268771731701984	6.4268771731701984	6.3973483548264785	6.3095734448019334	6.2805835881331804	6.2517269277568568	6.2517269277568568	6.194410750767795	6.194410750767795	6.109420249055705	6.109420249055705	6.0813500127871833	6.0534087475391374	6.0255958607435645	5.9979107625550787	5.970352865838378	5.9156163417547383	5.8613816451402858	5.8344510427374345	5.7809604740571814	5.7543993733715704	5.7279603098582799	5.7016427228074864	5.6754460540854685	5.6493697481230347	5.6493697481230347	5.623413251903477	5.623413251903477	5.5975760149511009	5.5718574893192994	5.5718574893192994	5.5462571295791134	5.5207743928075708	5.4954087385762405	5.4701596289397125	5.4701596289397125	5.4450265284242105	5.4450265284242105	5.4450265284242105	5.420008904016238	5.420008904016238	5.420008904016238	5.420008904016238	5.420008904016238	5.420008904016238	5.420008904016238	5.420008904016238	5.420008904016238	5.420008904016238	5.420008904016238	5.3951062251512747	5.3703179637025293	5.3703179637025293	5.3703179637025293	5.3951062251512747	5.3951062251512747	5.3951062251512747	5.420008904016238	5.420008904016238	5.420008904016238	5.4450265284242105	5.4701596289397125	5.5207743928075708	5.5462571295791134	5.5462571295791134	5.5718574893192994	5.5975760149511009	5.623413251903477	5.6493697481230347	5.6754460540854685	5.7016427228074864	5.7279603098582799	5.7809604740571814	5.8613816451402858	5.9156163417547383	5.9156163417547383	5.9979107625550787	6.0813500127871833	6.109420249055705	6.1659500186148115	6.2230028516915885	6.2517269277568568	6.3386971125692799	6.4268771731701984	6.4863443354823964	6.606934480075946	6.6988460941652628	6.7920363261718375	6.8865229634427614	7.0145529841997085	7.1121351365332739	7.2777980453682414	7.4473197390598918	SB across	400.00000000000006	401.60642570281135	403.22580645161196	404.85829959514172	406.5040650406504	408.16326530612247	409.8360655737705	411.52263374485602	413.22314049586765	414.93775933609879	416.66666666666708	418.41004184100399	420.16806722689074	421.94092827004215	423.72881355932196	425.53191489361694	427.35042735042737	429.18454935622321	431.03448275862064	432.90043290043269	434.7826086956523	436.68122270742356	438.59649122806945	440.52863436123329	442.47787610619469	444.44444444444446	446.42857142857002	448.4304932735426	450.45045045045043	452.48868778280524	454.5454545454545	456.62100456620919	458.71559633027448	460.82949308755758	462.96296296296293	465.11627906976742	467.28971962616822	469.48356807511669	471.69811320754627	473.93364928909881	476.19047619047632	478.46889952153111	480.76923076923066	483.09178743961354	485.43689320388353	487.80487804878049	490.1960784313718	492.61083743842374	495.04950495049445	497.5124378109453	500	502.51256281407035	505.05050505050463	507.61421319796972	510.20408163265392	512.82051282051248	515.4639175257729	518.13471502590676	520.8333333333336	523.56020942408247	526.3157894736845	529.10052910052798	531.91489361702259	534.75935828877004	537.63440860215053	540.54054054054052	543.47826086956525	546.44808743169403	549.45054945054949	552.48618784530299	555.55555555555543	558.65921787709499	561.79775280898878	564.9717514124294	568.1818181818179	571.42857142857281	574.71264367816264	578.03468208092329	581.39534883720933	584.7953216374284	588.23529411764753	591.71597633136275	595.23809523809734	598.80239520958082	602.40963855421683	606.06060606060601	609.7560975609756	613.49693251533802	617.28395061728577	621.11801242236061	625	628.93081761006283	632.91139240506288	636.94267515923548	641.02564102564099	645.16129032258038	649.35064935064941	653.59477124183297	657.89473684210554	662.25165562913912	666.66666666666674	671.14093959731554	675.67567567567789	680.27210884353735	684.93150684931447	689.65517241379291	694.44444444444446	699.30069930069931	704.22535211267655	709.21985815602852	714.28571428571433	719.42446043165467	724.63768115941946	729.92700729926946	735.29411764706015	740.74074074074201	746.26865671641792	751.87969924812182	757.57575757575853	763.35877862595419	769.23076923076951	775.19379844961429	781.25	787.4015748031494	793.65079365079362	800.00000000000011	806.45161290322392	813.00813008130081	819.67213114754225	826.44628099173406	6.8548822645266032	6.8865229634427614	6.9823240407717151	6.9823240407717151	7.0145529841997085	6.9823240407717151	6.9823240407717151	6.950243175887981	6.9183097091893773	6.8865229634427614	6.8865229634427614	6.8233869414166817	6.7920363261718375	6.7920363261718375	6.7608297539198183	6.7608297539198183	6.7297665628431824	6.7297665628431824	6.6988460941652628	6.6374307040190867	6.606934480075946	6.5765783735542094	6.5463617406727534	6.5162839406084263	6.4268771731701984	6.4268771731701984	6.4268771731701984	6.3386971125692799	6.3095734448019334	6.2805835881331804	6.2517269277568568	6.194410750767795	6.1659500186148115	6.1376200516479376	6.0813500127871833	6.0534087475391374	6.0534087475391374	6.0255958607435645	5.9979107625550787	5.970352865838378	5.970352865838378	5.9429215861557267	5.9156163417547383	5.888436553555878	5.8344510427374345	5.8344510427374345	5.8076441752131194	5.7809604740571814	5.7543993733715704	5.7543993733715704	5.7279603098582799	5.6754460540854685	5.6493697481230347	5.623413251903477	5.5975760149511009	5.5462571295791134	5.5462571295791134	5.5207743928075708	5.4954087385762405	5.4954087385762405	5.4701596289397125	5.4701596289397125	5.4450265284242105	5.4450265284242105	5.420008904016238	5.3951062251512747	5.3703179637025293	5.3703179637025293	5.3703179637025293	5.3456435939697258	5.3456435939697258	5.3210825926679375	5.3210825926679375	5.3210825926679375	5.3210825926679375	5.3210825926679375	5.3210825926679375	5.3210825926679375	5.3456435939697258	5.3456435939697258	5.3456435939697258	5.3456435939697258	5.3456435939697258	5.3456435939697258	5.3703179637025293	5.3703179637025293	5.3951062251512747	5.3951062251512747	5.420008904016238	5.420008904016238	5.420008904016238	5.4450265284242105	5.4701596289397125	5.4701596289397125	5.4954087385762405	5.5207743928075708	5.5462571295791134	5.5718574893192994	5.5975760149511009	5.623413251903477	5.6493697481230347	5.7016427228074864	5.7279603098582799	5.7809604740571814	5.8076441752131194	5.8613816451402858	5.9156163417547383	5.9429215861557267	5.9979107625550787	6.0534087475391374	6.109420249055705	6.1659500186148115	6.2517269277568568	6.3386971125692799	6.4268771731701984	6.4565422903465537	6.5463617406727534	6.6374307040190867	6.6988460941652628	6.7920363261718375	6.8865229634427614	7.0145529841997085	7.1121351365332739	7.2443596007498989	7.4131024130091872	7.5509222766543358	7.6913044028660895	7.7983011052325963	7.9067862799982445	7.9799468726797622	HVB along	400.00000000000006	401.60642570281135	403.22580645161196	404.85829959514172	406.5040650406504	408.16326530612247	409.8360655737705	411.52263374485602	413.22314049586765	414.93775933609879	416.66666666666708	418.41004184100399	420.16806722689074	421.94092827004215	423.72881355932196	425.53191489361694	427.35042735042737	429.18454935622321	431.03448275862064	432.90043290043269	434.7826086956523	436.68122270742356	438.59649122806945	440.52863436123329	442.47787610619469	444.44444444444446	446.42857142857002	448.4304932735426	450.45045045045043	452.48868778280524	454.5454545454545	456.62100456620919	458.71559633027448	460.82949308755758	462.96296296296293	465.11627906976742	467.28971962616822	469.48356807511669	471.69811320754627	473.93364928909881	476.19047619047632	478.46889952153111	480.76923076923066	483.09178743961354	485.43689320388353	487.80487804878049	490.1960784313718	492.61083743842374	495.04950495049445	497.5124378109453	500	502.51256281407035	505.05050505050463	507.61421319796972	510.20408163265392	512.82051282051248	515.4639175257729	518.13471502590676	520.8333333333336	523.56020942408247	526.3157894736845	529.10052910052798	531.91489361702259	534.75935828877004	537.63440860215053	540.54054054054052	543.47826086956525	546.44808743169403	549.45054945054949	552.48618784530299	555.55555555555543	558.65921787709499	561.79775280898878	564.9717514124294	568.1818181818179	571.42857142857281	574.71264367816264	578.03468208092329	581.39534883720933	584.7953216374284	588.23529411764753	591.71597633136275	595.23809523809734	598.80239520958082	602.40963855421683	606.06060606060601	609.7560975609756	613.49693251533802	617.28395061728577	621.11801242236061	625	628.93081761006283	632.91139240506288	636.94267515923548	641.02564102564099	645.16129032258038	649.35064935064941	653.59477124183297	657.89473684210554	662.25165562913912	666.66666666666674	671.14093959731554	675.67567567567789	680.27210884353735	684.93150684931447	689.65517241379291	694.44444444444446	699.30069930069931	704.22535211267655	709.21985815602852	714.28571428571433	719.42446043165467	724.63768115941946	729.92700729926946	735.29411764706015	740.74074074074201	746.26865671641792	751.87969924812182	757.57575757575853	763.35877862595419	769.23076923076951	775.19379844961429	781.25	787.4015748031494	793.65079365079362	800.00000000000011	806.45161290322392	813.00813008130081	819.67213114754225	826.44628099173406	9.2044957175317137	9.2044957175317137	9.2044957175317137	9.2469817393822211	9.2896638677993604	9.2469817393822211	9.2469817393822211	9.1622049012200026	9.1622049012200026	9.120108393559093	9.078205301781848	9.078205301781848	8.9949758153003465	8.9536476554959687	8.9125093813374541	8.9125093813374541	8.8715601203796073	8.8307990041856268	8.7902251683088135	8.7498377522743507	8.7096358995608067	8.6297854776697047	8.5901352150539729	8.550667128846829	8.511380382023761	8.4333475776427527	8.3560301823124785	8.3176377110267268	8.2794216371233524	8.2035154432981532	8.1283051616409558	8.0909589917838183	8.0537844119906747	7.9799468726797622	7.9067862799982445	7.8704578969509846	7.8704578969509846	7.8342964276621174	7.7983011052325963	7.726805850957005	7.726805850957005	7.6913044028660895	7.6559660691125506	7.5857757502918384	7.5509222766543358	7.4816950051115594	7.4816950051115594	7.4131024130091872	7.3790423012910207	7.3451386815711492	7.2777980453682414	7.2443596007498989	7.1779429127136183	7.1449632607551345	7.0794578438413804	7.1121351365332739	7.0794578438413804	7.0145529841997085	6.9823240407717151	6.8865229634427614	6.8865229634427614	6.8865229634427614	6.8548822645266032	6.8548822645266032	6.7920363261718375	6.7920363261718375	6.7608297539198183	6.6988460941652628	6.6680676921362201	6.6680676921362201	6.6374307040190867	6.606934480075946	6.5765783735542094	6.5765783735542094	6.5765783735542094	6.5765783735542094	6.606934480075946	6.5765783735542094	6.5463617406727534	6.5162839406084263	6.5162839406084263	6.5162839406084263	6.5162839406084263	6.4863443354823964	6.4863443354823964	6.4863443354823964	6.4863443354823964	6.4863443354823964	6.4863443354823964	6.4863443354823964	6.4863443354823964	6.5162839406084263	6.5162839406084263	6.5162839406084263	6.5463617406727534	6.5463617406727534	6.5463617406727534	6.5463617406727534	6.5765783735542094	6.606934480075946	6.606934480075946	6.6374307040190867	6.6680676921362201	6.6988460941652628	6.7297665628431824	6.7608297539198183	6.8233869414166817	6.8548822645266032	6.8865229634427614	6.9823240407717151	6.9823240407717151	7.0794578438413804	7.1449632607551345	7.211074791828997	7.3113908348341834	7.3451386815711492	7.4131024130091872	7.5162289401820512	7.6207901002541174	7.726805850957005	7.8342964276621174	7.9432823472428113	8.0167806338767864	8.1283051616409558	8.241381150129989	8.3560301823124785	8.4722741414059648	8.6696187575821657	8.7902251683088135	8.9125093813374541	HVB across	400.00000000000006	401.60642570281135	403.22580645161196	404.85829959514172	406.5040650406504	408.16326530612247	409.8360655737705	411.52263374485602	413.22314049586765	414.93775933609879	416.66666666666708	418.41004184100399	420.16806722689074	421.94092827004215	423.72881355932196	425.53191489361694	427.35042735042737	429.18454935622321	431.03448275862064	432.90043290043269	434.7826086956523	436.68122270742356	438.59649122806945	440.52863436123329	442.47787610619469	444.44444444444446	446.42857142857002	448.4304932735426	450.45045045045043	452.48868778280524	454.5454545454545	456.62100456620919	458.71559633027448	460.82949308755758	462.96296296296293	465.11627906976742	467.28971962616822	469.48356807511669	471.69811320754627	473.93364928909881	476.19047619047632	478.46889952153111	480.76923076923066	483.09178743961354	485.43689320388353	487.80487804878049	490.1960784313718	492.61083743842374	495.04950495049445	497.5124378109453	500	502.51256281407035	505.05050505050463	507.61421319796972	510.20408163265392	512.82051282051248	515.4639175257729	518.13471502590676	520.8333333333336	523.56020942408247	526.3157894736845	529.10052910052798	531.91489361702259	534.75935828877004	537.63440860215053	540.54054054054052	543.47826086956525	546.44808743169403	549.45054945054949	552.48618784530299	555.55555555555543	558.65921787709499	561.79775280898878	564.9717514124294	568.1818181818179	571.42857142857281	574.71264367816264	578.03468208092329	581.39534883720933	584.7953216374284	588.23529411764753	591.71597633136275	595.23809523809734	598.80239520958082	602.40963855421683	606.06060606060601	609.7560975609756	613.49693251533802	617.28395061728577	621.11801242236061	625	628.93081761006283	632.91139240506288	636.94267515923548	641.02564102564099	645.16129032258038	649.35064935064941	653.59477124183297	657.89473684210554	662.25165562913912	666.66666666666674	671.14093959731554	675.67567567567789	680.27210884353735	684.93150684931447	689.65517241379291	694.44444444444446	699.30069930069931	704.22535211267655	709.21985815602852	714.28571428571433	719.42446043165467	724.63768115941946	729.92700729926946	735.29411764706015	740.74074074074201	746.26865671641792	751.87969924812182	757.57575757575853	763.35877862595419	769.23076923076951	775.19379844961429	781.25	787.4015748031494	793.65079365079362	800.00000000000011	806.45161290322392	813.00813008130081	819.67213114754225	826.44628099173406	8.9536476554959687	8.9536476554959687	8.9125093813374541	9.078205301781848	8.9949758153003465	8.9536476554959687	8.9536476554959687	8.9536476554959687	8.9125093813374541	8.8307990041856268	8.8307990041856268	8.7902251683088135	8.8307990041856268	8.7498377522743507	8.6696187575821657	8.6297854776697047	8.5901352150539729	8.5901352150539729	8.5901352150539729	8.550667128846829	8.4722741414059648	8.4333475776427527	8.3560301823124785	8.2794216371233524	8.2794216371233524	8.2035154432981532	8.1283051616409558	8.0537844119906747	8.0167806338767864	7.9432823472428113	7.9067862799982445	7.8342964276621174	7.7983011052325963	7.7624711662868977	7.6913044028660895	7.6913044028660895	7.6913044028660895	7.6559660691125506	7.5509222766543358	7.5162289401820512	7.4816950051115594	7.4473197390598918	7.4131024130091872	7.3790423012910207	7.3451386815711492	7.3113908348341834	7.211074791828997	7.1779429127136183	7.1449632607551345	7.1121351365332739	7.0469306896714681	6.9823240407717151	6.9823240407717151	6.950243175887981	6.8548822645266032	6.8233869414166817	6.7608297539198183	6.7297665628431824	6.7608297539198183	6.7608297539198183	6.7297665628431824	6.6374307040190867	6.6680676921362201	6.606934480075946	6.5765783735542094	6.5463617406727534	6.5463617406727534	6.4863443354823964	6.4863443354823964	6.4565422903465537	6.4565422903465537	6.3973483548264785	6.3973483548264785	6.3973483548264785	6.3679552090791383	6.3386971125692799	6.3095734448019334	6.2805835881331804	6.2805835881331804	6.2805835881331804	6.2805835881331804	6.2517269277568568	6.2805835881331804	6.2805835881331804	6.2517269277568568	6.2517269277568568	6.2517269277568568	6.2517269277568568	6.2517269277568568	6.2517269277568568	6.2230028516915885	6.2230028516915885	6.2230028516915885	6.2517269277568568	6.2517269277568568	6.2517269277568568	6.2517269277568568	6.2517269277568568	6.2805835881331804	6.2805835881331804	6.2805835881331804	6.3386971125692799	6.3679552090791383	6.3973483548264785	6.3973483548264785	6.4268771731701984	6.4565422903465537	6.5162839406084263	6.5463617406727534	6.5765783735542094	6.6374307040190867	6.6680676921362201	6.7608297539198183	6.8548822645266032	6.9183097091893773	7.0145529841997085	7.0145529841997085	7.0794578438413804	7.1779429127136183	7.211074791828997	7.3451386815711492	7.4816950051115594	7.5509222766543358	7.6559660691125506	7.726805850957005	7.8704578969509846	7.9432823472428113	8.0909589917838183	8.2035154432981532	8.3176377110267268	LVB along	400.00000000000006	401.60642570281135	403.22580645161196	404.85829959514172	406.5040650406504	408.16326530612247	409.8360655737705	411.52263374485602	413.22314049586765	414.93775933609879	416.66666666666708	418.41004184100399	420.16806722689074	421.94092827004215	423.72881355932196	425.53191489361694	427.35042735042737	429.18454935622321	431.03448275862064	432.90043290043269	434.7826086956523	436.68122270742356	438.59649122806945	440.52863436123329	442.47787610619469	444.44444444444446	446.42857142857002	448.4304932735426	450.45045045045043	452.48868778280524	454.5454545454545	456.62100456620919	458.71559633027448	460.82949308755758	462.96296296296293	465.11627906976742	467.28971962616822	469.48356807511669	471.69811320754627	473.93364928909881	476.19047619047632	478.46889952153111	480.76923076923066	483.09178743961354	485.43689320388353	487.80487804878049	490.1960784313718	492.61083743842374	495.04950495049445	497.5124378109453	500	502.51256281407035	505.05050505050463	507.61421319796972	510.20408163265392	512.82051282051248	515.4639175257729	518.13471502590676	520.8333333333336	523.56020942408247	526.3157894736845	529.10052910052798	531.91489361702259	534.75935828877004	537.63440860215053	540.54054054054052	543.47826086956525	546.44808743169403	549.45054945054949	552.48618784530299	555.55555555555543	558.65921787709499	561.79775280898878	564.9717514124294	568.1818181818179	571.42857142857281	574.71264367816264	578.03468208092329	581.39534883720933	584.7953216374284	588.23529411764753	591.71597633136275	595.23809523809734	598.80239520958082	602.40963855421683	606.06060606060601	609.7560975609756	613.49693251533802	617.28395061728577	621.11801242236061	625	628.93081761006283	632.91139240506288	636.94267515923548	641.02564102564099	645.16129032258038	649.35064935064941	653.59477124183297	657.89473684210554	662.25165562913912	666.66666666666674	671.14093959731554	675.67567567567789	680.27210884353735	684.93150684931447	689.65517241379291	694.44444444444446	699.30069930069931	704.22535211267655	709.21985815602852	714.28571428571433	719.42446043165467	724.63768115941946	729.92700729926946	735.29411764706015	740.74074074074201	746.26865671641792	751.87969924812182	757.57575757575853	763.35877862595419	769.23076923076951	775.19379844961429	781.25	787.4015748031494	793.65079365079362	800.00000000000011	806.45161290322392	813.00813008130081	819.67213114754225	826.44628099173406	11.117317272815914	11.066237839776699	11.220184543019634	11.220184543019634	11.220184543019634	11.220184543019634	11.220184543019634	11.168632477805632	11.117317272815914	11.220184543019634	11.220184543019634	11.066237839776699	11.066237839776699	11.066237839776699	11.066237839776699	11.015393095414149	10.864256236170675	10.814339512979405	10.76465213629835	10.76465213629835	10.715193052376064	10.616955571987265	10.616955571987265	10.519618738232227	10.519618738232227	10.519618738232227	10.375284158180152	10.232929922807518	10.232929922807518	10.232929922807518	10.139113857366794	10.04615790278395	10.04615790278395	9.9540541735152708	9.9540541735152708	9.8627948563121315	9.8174794301998443	9.8174794301998443	9.6827785626124889	9.7274722377696712	9.5940063151593495	9.5499258602143389	9.5499258602143389	9.4188959652284101	9.3756200692588028	9.3325430079699387	9.3325430079699387	9.3325430079699387	9.2044957175317137	9.2044957175317137	9.078205301781848	8.9949758153003465	9.0364947372230322	8.9949758153003465	8.9125093813374541	8.9125093813374541	8.9125093813374541	8.8307990041856268	8.7902251683088135	8.7096358995608067	8.6696187575821657	8.6696187575821657	8.5901352150539729	8.511380382023761	8.511380382023761	8.550667128846829	8.3945998651939728	8.3945998651939728	8.3945998651939728	8.3560301823124785	8.2794216371233524	8.241381150129989	8.2035154432981532	8.241381150129989	8.2035154432981532	8.1283051616409558	8.1283051616409558	8.1283051616409558	8.1283051616409558	8.0909589917838183	8.0909589917838183	8.0909589917838183	8.0537844119906747	7.9799468726797622	8.0167806338767864	7.9799468726797622	7.9067862799982445	7.9067862799982445	7.9067862799982445	7.8704578969509846	7.8704578969509846	7.8342964276621174	7.8704578969509846	7.8704578969509846	7.8704578969509846	7.7983011052325963	7.8342964276621174	7.7983011052325963	7.8342964276621174	7.7983011052325963	7.7983011052325963	7.7624711662868977	7.7624711662868977	7.7983011052325963	7.7624711662868977	7.726805850957005	7.726805850957005	7.726805850957005	7.7624711662868977	7.7983011052325963	7.7983011052325963	7.8342964276621174	7.8342964276621174	7.7983011052325963	7.7983011052325963	7.8704578969509846	7.9067862799982445	7.8704578969509846	7.9432823472428113	8.0167806338767864	8.0537844119906747	8.0537844119906747	8.0909589917838183	8.0909589917838183	8.1283051616409558	8.2035154432981532	8.241381150129989	8.2794216371233524	8.3176377110267268	8.7096358995608067	LVB across	400.00000000000006	401.60642570281135	403.22580645161196	404.85829959514172	406.5040650406504	408.16326530612247	409.8360655737705	411.52263374485602	413.22314049586765	414.93775933609879	416.66666666666708	418.41004184100399	420.16806722689074	421.94092827004215	423.72881355932196	425.53191489361694	427.35042735042737	429.18454935622321	431.03448275862064	432.90043290043269	434.7826086956523	436.68122270742356	438.59649122806945	440.52863436123329	442.47787610619469	444.44444444444446	446.42857142857002	448.4304932735426	450.45045045045043	452.48868778280524	454.5454545454545	456.62100456620919	458.71559633027448	460.82949308755758	462.96296296296293	465.11627906976742	467.28971962616822	469.48356807511669	471.69811320754627	473.93364928909881	476.19047619047632	478.46889952153111	480.76923076923066	483.09178743961354	485.43689320388353	487.80487804878049	490.1960784313718	492.61083743842374	495.04950495049445	497.5124378109453	500	502.51256281407035	505.05050505050463	507.61421319796972	510.20408163265392	512.82051282051248	515.4639175257729	518.13471502590676	520.8333333333336	523.56020942408247	526.3157894736845	529.10052910052798	531.91489361702259	534.75935828877004	537.63440860215053	540.54054054054052	543.47826086956525	546.44808743169403	549.45054945054949	552.48618784530299	555.55555555555543	558.65921787709499	561.79775280898878	564.9717514124294	568.1818181818179	571.42857142857281	574.71264367816264	578.03468208092329	581.39534883720933	584.7953216374284	588.23529411764753	591.71597633136275	595.23809523809734	598.80239520958082	602.40963855421683	606.06060606060601	609.7560975609756	613.49693251533802	617.28395061728577	621.11801242236061	625	628.93081761006283	632.91139240506288	636.94267515923548	641.02564102564099	645.16129032258038	649.35064935064941	653.59477124183297	657.89473684210554	662.25165562913912	666.66666666666674	671.14093959731554	675.67567567567789	680.27210884353735	684.93150684931447	689.65517241379291	694.44444444444446	699.30069930069931	704.22535211267655	709.21985815602852	714.28571428571433	719.42446043165467	724.63768115941946	729.92700729926946	735.29411764706015	740.74074074074201	746.26865671641792	751.87969924812182	757.57575757575853	763.35877862595419	769.23076923076951	775.19379844961429	781.25	787.4015748031494	793.65079365079362	800.00000000000011	806.45161290322392	813.00813008130081	819.67213114754225	826.44628099173406	9.5499258602143389	9.5499258602143389	9.5499258602143389	9.5499258602143389	9.5499258602143389	9.5499258602143389	9.5499258602143389	9.5499258602143389	9.5499258602143389	9.5499258602143389	9.5060479365628208	9.462371613657929	9.4188959652284101	9.3756200692588028	9.3756200692588028	9.3325430079699387	9.2469817393822211	9.2469817393822211	9.2044957175317137	9.120108393559093	9.078205301781848	9.078205301781848	9.0364947372230322	8.9536476554959687	8.9536476554959687	8.8715601203796073	8.8307990041856268	8.7902251683088135	8.7498377522743507	8.6696187575821657	8.6297854776697047	8.5901352150539729	8.4722741414059648	8.4722741414059648	8.3945998651939728	8.3945998651939728	8.3560301823124785	8.3176377110267268	8.2794216371233524	8.241381150129989	8.2035154432981532	8.1658237135859224	8.1283051616409558	8.0537844119906747	8.0167806338767864	7.9799468726797622	7.9432823472428113	7.9067862799982445	7.8704578969509846	7.8342964276621174	7.7983011052325963	7.726805850957005	7.6559660691125506	7.6559660691125506	7.6207901002541174	7.5857757502918384	7.5509222766543358	7.4816950051115594	7.4473197390598918	7.4131024130091872	7.3790423012910207	7.3451386815711492	7.2777980453682414	7.2443596007498989	7.211074791828997	7.211074791828997	7.1779429127136183	7.1449632607551345	7.1121351365332739	7.0794578438413804	7.0469306896714681	7.0469306896714681	7.0469306896714681	7.0145529841997085	6.9823240407717151	6.9823240407717151	6.950243175887981	6.9183097091893773	6.8865229634427614	6.8865229634427614	6.8865229634427614	6.8233869414166817	6.8233869414166817	6.7920363261718375	6.7920363261718375	6.7920363261718375	6.7608297539198183	6.7608297539198183	6.7297665628431824	6.7297665628431824	6.7297665628431824	6.7297665628431824	6.6988460941652628	6.6680676921362201	6.6680676921362201	6.6680676921362201	6.6680676921362201	6.6680676921362201	6.6680676921362201	6.6680676921362201	6.6680676921362201	6.6680676921362201	6.6374307040190867	6.6374307040190867	6.6374307040190867	6.606934480075946	6.606934480075946	6.6374307040190867	6.6374307040190867	6.6680676921362201	6.6680676921362201	6.6680676921362201	6.6988460941652628	6.7297665628431824	6.7608297539198183	6.7608297539198183	6.7297665628431824	6.7297665628431824	6.7920363261718375	6.8233869414166817	6.8865229634427614	6.9183097091893773	6.9183097091893773	6.9183097091893773	6.9823240407717151	7.0145529841997085	7.0469306896714681	7.1121351365332739	7.1449632607551345	7.1779429127136183	Wavelength, nm
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